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ABSTRACT 


Wild type strains of Drosophtla melanogaster , specifically 
those with xanthine dehydrogenase activity (XDH’) , are resistant 
to moderate levels of purine added to their diet. In contrast, 
rosy flies (XDH_) do not develop on such media, and hence 
are relatively purine sensitive. Purine resistant strains were 
selected by subjecting: rosy (XDH_) Strains to EMS mutagenesis, and 
scoring for increased survival on purine-containing media. Seven 
purine resistant mutants were thus isolated, and when tested for 
XDH activity, were found to be XDH).. “THis, in itself, suggested 
that a locus other than the ry locus was involved in conferring 
purine resistance to these mutants. In an attempt to identify the 
lesion(s), the seven purine resistant mutants were characterized 
genetically and biochemically. 

The genes conferring purine resistance (ene) were found to 
be recessive in all but one of the mutants, in which it is semi- 
dominant. In two of the strains. (P.R. 51 and Pak. 130) ithe ann 
mutant was found to map to chromosome 3, in one of them (P.R. 133) to 
chromosome 2 and in the other four mutants, the linkage data were 
not clear enough to make a definite chromosome assignment. 

lt has previously been reported by Johnson and Friedman (1981, 
1983) that purine resistant mutants in Drosophtla are deficient for 
adenine phosphoribosy|! transferase activity (APRT) and that purine 
resistance maps to the Aprt locus, (maps positione3: 3.03)... “Thus 


the seven purine resistant mutants were assayed for APRT activity. 
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Three of the seven mutants are deficient for APRT activity 
(APRT ). The other four, however, have varying levels of APRT 
activity compared to the wild type or’, One ofthe or Re 71.332 
is particularly interesting as it has APRT levels substantially 
higher than wild type. This shows that a complete lack of APRT 
activity is not required to render flies resistant to purine. 

In order to determine the number of loci involved in purine 
resistance, classical complementation analyses for the purine 
resistance phenotype and APRT activity were performed. Two of 
the mutants characterized by Johnson and Friedman, #82 and #172, 
were included as controls. The analyses indicated that at least 
One other locus besides those previously implicated, is involved 
in purine resistance. Although this locus has not been identified, 


some speculations have been made. 
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| INTRODUCTION 

As well as being components of ribo-and deoxyribonucleic 
acids, purines and their derivatives are involved in a large number 
of chemical reactions. They serve as substrates, cofactors and 
regulatory molecules in several metabolic pathways. Their physio- 
logical functions include mediation of hormone effects, platelet 
aggregation and vasodilation. Pharmacologically, they are useful 
as immunosuppressants, diuretics and inhibitors of viral and tumor 
growth (Henderson, 1972). A number of human diseases result from 
abnormalities of purine metabolism. For example, the Lesch-Nyhan 
syndrome results from deficiency of the purine ‘salvage pathway' 
enzyme, hypoxanthine-guanine phosphoribosy] transferase (HGPRT) 
(Seegmiller et al., 1967). ‘Vt is an X-linked paceoene disease 
characterized by severe neurologic disorder, and pronounced over- 
production of uric acid. A more common human disease associated 
with abnormality of purine metabolism is gout. One of the causes 
of gout is glucose-6-phosphatase deficiency (Howell et al., 1962). 
Lack of this enzyme increases the concentration of endogenous 
phosphoribosy] pyrophosphate (PRPP) and this leads to an accelerated 
rate of purine biosynthesis de novo. In 1972, the first inborn 
error of adenosine metabolism was discovered in man. A deficiency 
of adenosine deaminase was found to be associated with severe 
immune dysfunction (Ullman et al., 1976). Clearly, the study of 
purine biosynthesis and metabolism is of biological, biochemical, 
genetic and medical importance. These studies have been done in 


several prokaryotic and eukaryotic experimental organisms, 
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and it is likely that the information gained from those studies 
can be extended to humans. 

The study of purine metabolism began as early as 1776, when 
naturally occuring purines and their derivatives were characterized 
(Henderson, 1972). Purines are found in cells predominantly in the 
form of nucleotides. Purine nucleotides can be synthesized de novo 
from non-purine precursors (reviewed in Henderson, 1972). Initial 
evidence for the occurrence of de novo biosynthesis of purines was 
indicated from the growth and normal development of mice on low 
purine diets (Socin, 1891). During the period between 1887 and 1959, 
the reactions involved in purine biosynthesis and metabolism and the 
enzymes catalysing these reactions were identified and characterized, 
mainly using pigeon and chicken liver. (This work has been reviewed 
in Buchanan, 1959; Hartman, 1970; Henderson, 1972). During the 
period 1946-1951, the precursors of the purine ring were identified 
using labelled compounds (Henderson, 1972). Currently, the focus of 
attention is the mechanism of regulation of purine biosynthesis. 
Broadly speaking, this involves a study of the physical and kinetic 
properties of the different enzymes involved in purine metabolism; 
the effect of substrate concentrations on the rate of the biochemical 
pathways; inhibition of the metabolic pathway by end-products (''feed- 
back inhibition''), and the effects of drugs and analogues on the 
biosynthesis of purines (Henderson, 1972). 

Initial experiments to study purine biosynthesis and metabolism 
were nutritional studies, where purines or their derivatives were 


included in the growth media, and the effects of these on the biology 
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of the organism were noted. These studies were done in various 
systems: bacteria, viruses, cultured animal cells and in inverte- 
brates including Drosophtla. | 

During the course of nutritional studies in Drosophtla it was 
found that certain purines stimulate growth or development when 
included in the culture media (House, 1962; Sang, 1978). For example, 
it was first shown by Schultz et al., (1946) that dietary RNA improves 
larval growth. However, this was not surprising, as Drosophila is 
adapated to a yeast diet, using the nucleic acids available there. 
Whole DNA and RNA molecules were initially tested. DNA did not 
improve larval growth (Hinton, 1956). The constituents: of RNA, 
particularly the purine bases and nucleosides are Bronte pronar ogh 
(Sang, 1978). Thus, adenine can stimulate growth of Drosophila 
larvae when included in culture media (Hinton, et al., 1951; Hinton, 
1956). Further, it was found that cultured cells in which the 
pathway for purine biosynthesis is blocked with methotrexate, can 
grow in the presence of adenine (Wyss, 1977). These findings were 
evidence for the utilization of purine bases by Drosophtla via a 
"salvage pathway''. 

Although de novo pathways are the major routes by which purine 
and pyrimidine nucleotides are synthesized, the salvage pathways are 
alternative routes by which nucleotides are synthesized from free 
purine or pyrimidine bases and their derivatives. The purine bases 
can react with phosphoribosy! pyrophosphate (PRPP) to form the 
corresponding nucleotide. Thus the enzyme adenine phosphoribosy] 


transferase (APRT) catalyses the direct synthesis of adenosine 
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monophosphate from adenine and PRPP. Becker (1974) showed that 
cultured Drosophtla embryo cell lines and extracts of adult flies 
had significant APRT activity. The enzyme is also implicated in 
adenine transport (Becker, 1974), as no labelled adenine was 
detected in cultured Drosophtla cells deficient in APRT. 

On the other hand, hypoxanthine-guanine phosphoribosyl trans- 
ferase (HGPRT), an enzyme found in many organisms and which utilizes 
hypoxanthine and guanine as substrates, was not detected in any of 
the cultured Drosophila cell lines or tn extracts of adult. flies by 
Becker (op. ctt). In a later study however, Becker (1978) reported 
that HGPRT activity was detectable if cultured cells were grown in 
the presence of certain purines, pyrimidines, antimetabolites or 
glutamine. Enzyme activity was also detected if the extracts from 
adult flies were dialyzed before the assay. Johnson et al. (1980 a, 
b) reported the utilization of dietary lage hypoxanthine and guanine 
vta HGPRT in Drosophtla larvae. However, the incorporation of these 
bases into nucleic acids was low. Examples of Drosophila mutants, 
as well as microbial and animal cell] line mutants, deficient in 
phosphoribosy] transferases, are cited below. 

In addition to the information gained from nutritional studies, 
mutational studies have greatly contributed to the elucidation of 
nucleotide metabolic pathways and their regulation. A geneticists' 
approach to studying biosynthetic processes is to isolate mutants 
affected in the genes governing these pathways. Thus, in micro- 
organisms, auxotrophs have proved to be an important tool in the 


understanding of gene regulation and in deducing the sequences of 
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steps in a specific biochemical pathway. Auxotrophs are mutant in 
a gene encoding an enzyme of a given pathway leading to the synthesis 
of an essential compound. These mutants are therefore incapable of 
surviving on minimal medium, unless provided with a nutrient not 
required by the wild type. 

Purine auxotrophs have been isolated in various microorganisms 
(see Nash and Henderson, 1982 for references). The first reported 
auxotroph in animals was an adenine requiring strain of Drosophtla 
(Hinton et al., 1951). A systematic search for nucleic acid auxo- 
trophs in Drosophila was undertaken by Vyse and Nash, using ethyl- 
methane sulphonate (EMS) mutagenesis to induce mutations. One mutant 
that they isolated (Vyse and Nash, 1969) had a dual requirement for 
purine and pyrimidine nucleosides (Vyse and Sang, 1971). Norby 
(1970) made an important discovery when he found that rudimentary (r) 
mutants are pyrimidine auxotrophs. Their biochemical defects were 
shown to involve one or more of the aspartate transcarbamy]ase 
(Norby, 1973), carbamy] phosphate synthetase (Jarry and Falk, 1974) 
and dihydroorotase (Rawls and Fristrom, 1975) activities. Further 
surveys produced about forty-five ribo-nucleic acid auxotrophs (Nash, 
personal communication). Of these, twenty mapped at, or close to, 
the rudimentary locus (Falk and Nash, 1974). Among the others, at 
least eleven are purine auxotrophs, and these map to seven loci. 
(For a summary of the information on purine auxotrophs in Drosophila, 
see Nash and Henderson, 1982). Although the structural genes 
associated with purine auxotrophy have not been identified, some 


speculations have been made. For example, the auxotroph ade 2-1] 
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is believed to be defective in guanine deaminase (Nash and 
Henderson, 1982). 

Another approach to the subject of nucleotide metabolism has 
been from studies on toxicity of nucleosides and nucleic-acid bases 
to fruit flies. While some purine bases and nucleosides are growth 
promoting, it was found that at higher concentrations, they have 
toxic effects. (For a summary of the literature on the effects of 
nucleosides and bases at various concentrations on wild type larvae, 
see £1 Kouni, 1977). A considerable amount of work has been done 
in the area of nucleoside and base toxicity, but controversies on 
the utilization and toxicity of these compounds can be found in 
the literature. For example, while Wilson (1942) found that adenine 
at -arconcentratron of 250°>x 10? M was lethal to wild type Drosophtla 
larvae, Ville and Bissell (1949) found that a concentration of 4.0 
% 10> was not lethal and, in fact, accelerated the rate of develop- 
ment of the larvae. These conflicts arose largely because of 
differences in strains and experimental designs used by the different 
workers (El Kouni and Nash, 1977). In order to circumvent this 
problem, El Kouni and Nash (op. ett) did a systematic study, using 
uniform techniques on wild type Drosophtla melanogaster larvae. They 
tested the survival of the larvae on defined medium supplemented with 
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various concentrations (ranging from 10 Meroe> be 10 
nucleic acid bases and nucleosides. They found that cytosine, 


thymine, thymidine and adenine, were completely lethal at the highest 
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concentration tested ie. 3.16 x 10 M. Deoxyadenosine and 


i 
| vod wet econ, my 
| neal iain re - t | 
1aworrg ers eiblatel aur ni iniog onde signe veath a 
svinn yany pontine sate dest: asad oe ri vwate 
by chy mi resorts any, Ye yherive. s nat} assitin a 


Pm Ac ; 
iJ 
a 
i 


eivdel etn bt tw Mo comeing waginew * amend bite sebivoalun 
roti eagth Sw at tw: Pe ssyged tour whit enc A TREE! haat Hi mee 


. 


<o rei oid pee. gud ib ives. seed Ht Ie \POalsup Jo Beze ant mE: 
ee ine Sen” aiiyonlan wart? 4a The sof Re noi et a | +; 
er hieae €6¢) ofue Cet moved Mi oi ify i navn 77! nite . 
of Peis) aye Shin ae eee ey, 4 * OF w O.%. 90 nol sawtnpatite S 
sto it vanadesnnm! evocative’ (RR) (cannlpacaltls al 
“i \ ony becero(abes saat i nen isvival tan enw oe 
Tonee USA ‘yiegned aad i a side iil aegal? oor itl ¥0 then 6 
tite ve tiasy Sap eeth tallvemi tense bre aura hh erontngt ite 

Shit dress oD Gr Cee a is athe Awe one Teas 1) aay 
on le , vies HWY nt 4 ate si Feit ‘ea Asin bate! nwo (a oeelde 
eat) | gene] se raha Se eKopi ether? a | 
avin wep fen “irr af? To levitra way “Z . 
16 te ‘wt 6PM fh ie oh ae Wma. Bisbee » nck 1 derma a 
pont ava Sed lomo omg ‘cae leaner aer nw, eoged blak 


peated ane sa Mebial etnies, ieciaadamanie oeaiel el 


7 é 


a6 ; « . NM + , a ‘ r * 
- - i oe Ay » 
aa : - iM ~ 
i” a : = 
_—_ - ® i} 
- 


: ue ‘ - A 
- 7 i. 


il 


Li 


deoxyguanosine were lethal even at the concentration of Tone M. 
Further, they found that purine related compounds are generally more 
toxic than pyrimidine related ones. 

The biochemical bases for the toxicity of purine bases and 
nucleosides is an important aspect of the study of purine biosynthesis 
and metabolism. The raw materials for these studies are mutant 
cell lines or strains (depending on the biological system under study), 
that are resistant to a particular purine or analogue. A common 
approach to study the mechanism of resistance, is to determine how 
the resistant strain differs biologically and biochemically from 
Strains that are sensitive to the purine or analogue. By studying 
these mechanisms in experimental, multicellular organisms like 
Drosophtla, it is likely that the information gained will increase 
our understanding of purine metabolism in man as well. 

In the study of purine toxicity, one of the primary questions 
asked, is whether the administered purine base or nucleoside is 
itself the toxic agent or whether it has to be metabolized to a 
toxic form. For purine toxicity, it has often, though not always, 
been found that the purine base or nucleoside is converted to the 
nucleotide, which is the active, toxic form. (For a review on 
the mechanisms of toxicity of purine bases and ribonucleosides in 
animals and invertebrate cells, see Henderson and Scott, 1980). 

An early example of such a study in microorganisms by Elion 
et al., (1953), showed that a diaminopurine resistant strain of 
Lactobaectllus easet failed to incorporate exogenous adenine into 


nucleic acids. Tomizawa and Aromow (1960) found that 6-mercaptopurine 
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(6-MP) resistance in mouse fibroblasts is due to an impaired capacity 
of these cells to form nucleotides from the free purine bases. Kalle 
and Gots (1961) found that resistance to purine analogues in mutants 
isolated from Salmonella typhimurtum resulted from the loss of 
specific purine nucleotide phosphorylases. Studies by Taylor, et al. 
(1977) and Caskey and Kruh (1979) show Enat variants of cultured 
animal cells capable of growing in the presence of purine analogues, 
like diaminopurine and 8-azaguanine, are deficient respectively for 
APRT activity and HGPRT activity. One simple hypothesis for the 
mechanism of resistance is that the defective phosphoribosy] 
transferase can no longer convert the purine or analogues to a toxic 
nucleotide (Johnson and Friedman, 1981). 

On the basis of the work done on bacterial cells and cultured 
animal cells, Johnson and Friedman (1981) tested purine resistant 
strains of Drosophtla melanogaster for APRT activity and found that 
the strains lacked APRT activity. In a recent report (Johnson and 
Friedman, 1983), they show that purine resistance, deficiency for 
APRT activity and differences in the isoelectric points of APRT, 
result from alterations at a single locus, Aprt (map position 
e303) a 

Yet another approach to the study of purine metabolism in 
Drosophtla was possible when certain eye color changes were found 
to result from alterations in xanthine dehydrogenase (XDH) activity. 
XDH is the principal enzyme of purine oxidation in Drosophtla 
(Glassman et aZ., 1968). It catalyses the conversion of hypoxanthine 


to xanthine, and of xanthine to uric acid in purine catabolism. 
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In pteridine metabolism, it converts 2-amino-4-hydroxy-pteridine 
to isoxanthopterin (Forrest et al., 1956). Pteridines are purine 
derivatives (specifically guanosine triphosphate derivatives), that 
act as pigments in many insects including Drosophtla. The 
conversion of 2-amino-4-hydroxy-pteridine to isoxanthopterin is the 
basis for a sensitive fluorimetric assay of XDH (Glassman, 1962). 
Adult flies completely lacking XDH activity have dull reddish- 
brown eyes, in contrast to the bright=red of wild type eyes. Two 
mutants of Drosophtla with a dull reddish-brown eye color were 
originally observed as reported in Bridges and Brehme (1944). One 
of these, called rosy (ry) mapped to chromosome 3, and the other, 
called maroon-like (mal) mapped to the X chromosome. Subsequently, 
several other mutations at the ry locus have been induced by 
X-irradiation and EMS mutagenesis (Chovnick et aZ., 1978, Girton 
et. al., 1979). Other loci affecting XDH activity, cim (Baker, 1973) 
and Zxd (Keller and Glassman, 1964) have also been described. 
Glassman and Mitchell] (1959) found that extracts of ry and mal 
mutants lack XDH activity. The eye color of XDH mutants does not 
result directly from the lack of isoxanthopterin, but from decreased 
amounts of orange-red pigments called ''drosopterins''. (Drosopterins 
are a group of dimeric pteridines). I!soxanthopterin is probably a 
precursor for these pteridines and this may be the reason for the 
dull reddish-brown eye color of XDH mutants. It is found that a 
modicum ( .1%) of XDH activity is sufficient to restore wild type 
eye color (Gelbart et al., 1976; Girton et al., 1979). Phenocopies 


of ry or mal eye color can be produced by growing wild type flies 
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on media containing allopurinol (4-hydroxy-pyrazolo>{3,l-d)- 
pyrimidine), an inhibitor of XDH (Glassman, 1965). It has been 
reported that, in XDH Strains, the larvakt malphigian tubules 

(which are the excretory organs in flies) become necrotic. This 

is thought to be due to an inability to dispose of, or to tolerate, 
hypoxanthine (Glassman, op. ett.). It is interesting to note that 
humans who lack xanthine oxidase (xanthinuria) are afflicted with 
kidney stones composed of xanthine and hypoxanthine (Avaizan, 1964). 

Glassman (1965) found that mutants with reduced XDH activity 
failed to complete development on purine-containing media. The 
concentrations of purine that kill XDH larvae do not affect the 
development of wild type flies. This hypersensitivity of XDH 
larvae to purine has proven to be a very useful tool for the 
positive selection of purine resistant larvae, and has greatly 
facilitated fine structure mapping at the ry and mal loci. (See 
Glassman, 1965;"finnerty et alo} 1970; and Chovnick et. az.5 1970, 
1971 for some examples). 

The curious feature about the toxicity of purine to developing 
cultures of XDH Strains es that purines ls motea substrate-ronr the 
enzyme, and the exact cause of death is still not known (reviewed in 
Nash and Henderson, 1982). A source of radiolabeled purine to do 
tracer studies might shed light on this problem. 

Our laboratory was interested in isolating suppressors of 
nonsense mutations at the rosy locus. Hence, putative nonsense (CRM ) 
ry mutants (Girton et al., 1979) were subjected to EMS mutagenesis and 


the progeny selected for increased survival on purine containing 
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Standard medium. 

Among the purine resistant survivors, one expects to find at 
least three classes: first, the true revertants of the original 
mutation, which would have high levels of XDH activity, might occur; 
secondly, One might be able to isolate suppressors of the nonsense 
mutations at the ry locus, which would be identified by wild-type 
eyes, and probably, as having fairly low levels of XDH activity; 
thirdly, it may be possible to get mutants that have lesions at 
Other loci involved in purine metabolism. For example, mutants at 
loci coding for permeases would reduce access of the purine to its 
target organs, or perhaps, mutants at yet other loci might result 
in a reduction of the toxicity of purine by blocking or modifying 
its metabolic fate. 

Mutagenesis and selection of progeny on purine containing 
medium was carried out as described in Materials and Methods. A 
few revertants were isolated, which were recognized by wild-type 
levels of XDH activity. When the strains derived from the other 


purine resistant survivors were tested for XDH activity, it was 


found that they were XDH . In other words, suppressors of non- 
sense mutations at the ry locus had not been induced. Instead, we 
now had an interesting class of mutants that, presumably, fell into 
the last category of mutants mentioned above. They are XDH like 


ry flies, but purine resistant like ry” flies. A total of seven 

such purine resistant (hereafter referred to as P.R.) strains were 

isolated: five of them by John Bell, and two isolated by myself. 
The purpose of the present study was to characterize the 


seven P.R. mutants obtained in our laboratory, both biochemically 
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and genetically. The biochemical basis for the resistance was one 
of the questions addressed, as it was hoped that this would shed 
some light on why purine kills developing cultures of XDH- strains. 
Since Johnson and Friedman's work (1981, 1983) suggests that purine 
resistant strains of Drosophila are APRT , the seven P.R. strains 
isolated in this laboratory were assayed for APRT activity. It was 
found that three of the seven are complete nulls, while the other 
four have varying levels of APRT activity. One of them, P.R. 133 
is particularly interesting, as it has activity substantially higher 
than wild type. Linkage analyses show that purine resistance maps 
to chromosome two in some mutants, and chromosome three in some 
others. Taken together with the differences in APRT activity, this 
shows that purine resistance in Drosophtla may involve mutations 


at more than one locus. 
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11 MATERIALS AND METHODS 


Drosophtla melanogaster stocks 

All Drosophtla stocks were routinely maintained on a 
Standard yeast-sucrose medium (Nash and Bell, 1968) at room 
temperature (23 ! Peres A complete list of all Drosophila 
stocks used is given on Table 1. Oregon R was used as the 
wild type control in all experiments. 

Mutagenesis 

Purine resistant mutants were obtained by subjecting 
purine sensitive ry strains to ethyl methane sulphonate (EMS) 
mutagenesis. The procedure used was that of Lewis and 
Bacher (1968). Young males (0-48 hours old) were collected 
and transferred to bottles containing filter paper circles 
saturated with a solution of 0.015 M EMS in sterile 1% sucrose. 
The flies were allowed to feed for 18-24 hours, after which 
they were transferred to new bottles containing standard 
medium. The bottles and glassware used for mutagenesis, were 
decontaminated by rinsing with a solution of 0.5% thioglycolate 
in IN NaOH. 

The mutagenized males were mated to virgin females of the 
same strain and placed on standard medium. The Fs were 
transferred to fresh bottles, allowed to mate, and the resulting 
F's were left to lay eggs in fresh bottles for two days. The 
parents were then discarded and 1.0 ml of 0.2% aqueous purine 
(Sigma) was added to the bottles. This level of purine is 


normally lethal to developing cultures of ry strains, and wil] 


therefore, permit the recovery of purine resistant Strains. 
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Table |: Description of Stocks 
Stock Brief Description 
R f 
tae OR Oregon R, wild-type 
Ib. Amh Amherst, wild-type 


PURINE SENSITIVE 


STOCKS 

Den; e pyees Dark body, orange eyes 
8 : 

b cn; ry Body darker than wild 


type, orange eyes 


PURINE RESISTANT 
(P.R.) STOCKS 


Panes oc} Obtained by 
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#172 
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ORs 


mutagenizing the purine 


94 | sensitive b en; 
} 604 
130 > See 
iene 
3 
{ 
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Shed a Obtained by mutagenizing 
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Purine resistant, 
APRIc sand) 1s in a 2y 
background 


Purine resistant, 
APRT and is ina 
mal background 


Source 


John Bell 
University of 
Alberta (U ofA) 
Edmonton, Alberta 


John Bell 
UofA 


John Bel] 
U of A 


John Bell 
Unotea 


This study 


Victoria Finnerty 
Emory University 
Georgia 


Victoria Finnerty 
Emory University 
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SHOCKS USED FOR 
LINKAGE ANALYSIS 


SM5 Cy/Sp3; ry 


Tp (3) MKRS M(3) 
S(384) kar 


ry” Sb/ kar® 


*This stock is referred to as the MKRS stock 


SM5: Complete balancer 
for chromosome 2. 
Curly wings; Purine 
Sensitive 


«Balancer for chromosome 


3. kar andyry mutations 
together produce an 
Orange eye color. 
Stubble bristles; 
Purine Sensitive. 


Females have yellow 
bodies, forked bristles 
and orange eyes. Males 
have wild type bodies 


and bristles, and orange 


eyes; Purine Sensitive. 
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Seven purine resistant strains were isolated. These were 
rechecked for purine resistance and then maintained on standard 
medium. On alternate generations, they were reselected on 
purine containing medium. This will ensure continued presence 
of the genetic factors responsible for purine resistance. 
Purine Resistance 

As mentioned above, the purine resistant strains were 
initially isolated on 0.2% aqueous purine. In order to 
determine the levels of purine resistance in the different 
Strains, the larvae were allowed to develop on media 
containing various concentrations of aqueous purine. 

Adult flies from the different purine resistant stocks, 
or® (the wild type control) and a ry strain, ee were 
pre-fed on yeast-paste for a day to optimize egg yield. The 
flies were then transferred to clean, empty quarter-pint 
bottles. These bottles were capped with egg-laying dishes 
containing 1.5% agar. The flies were allowed to lay eggs 
for about 6 hours, after which the egg-laying dishes were 
collected and kept in the Ns incubator until the eggs 
hatched (approximately 20-24 hours). 

First instar larvae were collected from the dishes, using 
the tip of a scalpel to pick up the larvae. One hundred larvae 
were placed in each vial. Two hundred microlitres (0.2 ml) of 
various concentrations of aqueous purine were added to the 
vials. The concentrations of purine ranged from 0.05% to 1.5%. 


Vials to which 0.2 ml of sterile water was added and vials to 
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which no supplement was added, served as zero-purine controls. 
The number of flies surviving the different concentrations 
of purine was scored. 
Axenic Culture 
The purine resistant strains, and the stocks to which they 
were crossed, were grown and maintained under sterile conditions 
for some of the experiments. The adult flies were fed on yeast- 
paste for 1-2 days, and then transferred to clean quarter-pint 
bottles capped with egg-laying dishes containing 1.5% agar 
medium. The egg-laying dishes were collected after no more than 
12 hours. The eggs were sterilized by immersion for 20 minutes 
in a solution of filtered, saturated calcium hypochlorite. Eggs 
were then filtered and rinsed in sterile Ringer's solution five 
times. The filter paper, containing the sterilized and rinsed 
eggs, was cut into pieces and placed in sterile culture vials. 
Before eclosion of the flies, the medium was streaked out 
on microbial culture medium to check for sterility. This was 
also done periodically to ascertain whether the stocks were 
Stile axen ic. 
Genetic Characterization 
= To determine if the mutations that confer purine 
resistance are dominant or recessive, each of the purine 
resistant stocks was crossed reciprocally to the parent 
purine sensitive stock from which it was derived. The 


crosses were done in vials. The flies were brooded twice: 
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18 
torone brood 0b2sml of 0.2% purine was added, and to the 
Other brood, which served as a control, no purine was 
added. 

Similar crosses to OR” (ry”) were carried out to 
ascertain whether dominance was modified by the presence 
of rytin the genetic background. 

Linkage Analysis 

In order to determine whether purine resistance maps 
to the X, second, or third chromosome, the crosses out- 
lined in Figures 1, 2 and 3 respectively, were performed. 
To implicate second and third chromosome linkage, the 
segregation pattern of the purine resistance phenotype 
from the dominant markers Cy and Sb, respectively, was 
noted. A scheme using an attached X-chromosome was 
carried out to test for X-linkage. 

Complementation Analysis: For Purine Resistance Phenotype 
ln order to determine the number of loci involved 

in purine resistance, classical complementation tests were 

performed. Reciprocal crosses were made between the 

purine resistant stocks, and the Fs were allowed to 

grow on media with and without purine. The F Survivors 

in the experimental and control vials were scored. If 

the number of survivors in the control vials substantially 

exceeded those in the experimental vials, it was inferred 

that complementation did occur. On the other hand, if 


approximately equal numbers of survivors were present in 
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the broods with and without purine, it was taken to 
indicate lack of complementation and to define the two 
mutant strains as containing allelic resistance mutations. 
Biochemical Characterization 
i Assay for Adenine Phosphoribosyl Transferase (APRT) 
The fly homogenates were prepared by a modification 
of the procedure reported by Johnson and Friedman (1981). 
Crude extracts of the flies were prepared by grinding 
them in an extraction buffer at 4°¢ utilizing a glass 
tissue-homogenizer. The buffer contained 60 mM Tris-HCl 


(pH 7.5), 0.1 mM Na-EDTA, 26.0 mM MgCl 6 H,0 and 2.0 mM 


>" 
dithiothreitol (DTT). The flies were at a concentration 
of 150 mg/ml buffer, using approximately equal numbers of 
males and females. The homogenate was centrifuged at 
10,000 x g for 10 minutes. The portion of the super- 
natant below the lipid layer was used for the assays. 

The assay mixture contained in addition to the 


extraction buffer, 6.25 mM Na-PRPP (Sigma), 7.6 x 10? 


M (8 - ae Adenine (17.9 4 Ci/u mole or 57 uw Ci/u mole, 
Amersham) and 10 yl of the fly homogenate in a total 
volume of 35 wl. The remaining fly homogenate was saved 
for a protein determination. 

APRT catalyses the synthesis of adenosine mono- 
phosphate (AMP) from adenine and phosphoribosyl pyrophos- 


phate (PRPP). APRT activity was measured at room temperature 


and is expressed as the mean counts per minute (cpm) of 
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Figure | 


X Chromosome Linkage Analysis of Se 


The purine resistant males were crossed to virgin 
females of the Wsonsry stock. The female progeny 
receive their X chromosomes from the mother, and the 
male progeny receive their X chromosomes from the 
father. ihe Fis were selected on medium with (+P, 
experimental) and without (-P, control) purine. The 


experimental vials contained 0.2 ml of 0.2% aqueous 


purine. 


R 
NOTE: Pur refers to the gene that confers purine 


resistance. 
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Figure 2 


Second Chromosome Linkage Analysis of Pure 


The purine resistant virgin females were crossed to 


SM5 Cy/Sp3;ry males. 


SM5 is a balancer for chromosome 2, and has the dominant 
markers Cy andcp On, ft. \ihe strain Is Ais homozygous 

FOr ry on chromosome 3, thus making it purine sensitive. 
The F Cy ry males were back-crossed to purine 


resistant virgin females, and the F's were selected on 


2 
medium with (+P, experimental) and without purine (-P, 


control). The experimental vials contained 0.2 ml of 


0.2% aqueous purine. 
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Third Chromosome Linkage Analysis of aya 


The purine resistant virgin females were crossed to 
males of the MKRS strain. This strain is a third 
chromosome balancer and has the dominant marker Sp on 
chromosome 3. It is homozygous for ry, and hence purine 
sensitive. 

The F, Sb ry males were back-crossed to purine resistant 


l 


virgin females. The F's were selected on medium with 


(+P) and without (-P) purine. The experimental vials 


contained 0.2 ml of 0.2% aqueous purine. 
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26 
(8 - Me) AMP per microgram of protein. 
Thin Layer Chromatography (TLC) 

Poly (ethyleneimine) (PE!) - TLC plates (20 x 20 
cms, purchased from Terochem) were used for the 
Separation of the compounds. 

Separate 2 yl aliquots of the reaction mixture were 
removed at.5, 10, 20 and 30 minutes after the initiation 
of the reaction. These were applied to the TLC plates, 
2 cm from the bottom edge, at points previously overlaid 
with 2 ul of unlabelled 5' AMP and adenosine (both at 
2 mg/ml). The plates were developed in 0.1 M Lithium 
chloride (Sigma), and dried. The positions of the AMP 
and adenosine markers were traced out using short wave 
ultraviolet light. 


Fluorography, autoradiography, and determination of the 
radioactivity associated with AMP and adenosine 


After the AMP and adenosine markers were traced out, 
the TLC plates were sprayed with Enhance (New England 
Nuclear). They were then exposed at “60°C for 2-3 days 
to X-ray film (Kodak), after which the films were 
developed. 

The spots corresponding to AMP and adenosine were 
scraped off the TLC plates using a sharp One-edge razor 
blade. The radio-activity was quantitated by liquid 


Scintillation counting. 
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At least four independent determinations were 
obtained for each of the purine resistant strains 
tested. The wild type or® was also assayed each time 
dS a control. 

In order to assay for APRT activity in larvae, the 
Same procedure was used, except that pe S ae instar 
larvae were homogenized instead of adult flies. 

Protein Determination 

The Coomassie brilliant blue G assay for proteins 
described by Spector (1978) was used to quantitate the 
protein in the fly homogenates. 

The dye reagent was prepared as follows:- One 
hundred mg of Coomassie brilliant blue G (Sigma) was 
dissolved in 50 ml of 95% ethanol. To this was added 
100 ml of 85% (w/v) ortho phosphoric acid. The solution 
was diluted with water to a volume of | litre, followed 
by filtration. The final reagent was stored at room 
temperature, and was stable for two weeks. For an 
actual protein assay:- 2.5 ml of the dye reagent was 
added to 100 gs] of the appropriate dilution of the fly 
extract, and the mixture vortexed. After letting the 
mixture stand for 5-10 minutes at room temperature, the 
absorbance at 595 nm was read on a spectrophotometer. 

Bovine serum albumin (BSA) was used to generate a 
new standard curve for each set of assays. The blank 


contained 100 uw! of water plus 2.5 ml of the dye reagent. 
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Complementation Analysis of APRT Activity 

Complementation tests for APRT activity were 
carried out by making reciprocal crosses between the 
purine resistant strains, and assaying the Fits Or 
APRT activity. Besides our seven purine resistant 
mutants, two others, mutant #82, and #172, were also 
included in the complementation matrix. These two 
mutants were given to us by Victoria Finnerty, and were 
among the mutants characterized by Johnson and Friedman 
(1981, 1983). These mutants were found to be APRT 
nulls, and thus served as APRT controls in the present 
experiment. 

Each of the purine resistant strains were also 


crossed reciprocally to or® flies, and the F's 


assayed for APRT activity. 
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rl! RESULTS AND DISCUSSION 

Mutagenesis 

Purine sensitive ry males were subjected to EMS muta- 
genesis, and the mating schemes were carried out as described 
in the Materials and Methods. The hypersensitivity of develop- 
ing ry cultures to purine was taken advantage of in selecting 
for purine resistant mutants. Among the survivors of the 
purine lethal screen, a few revertants were identified by the 
ry” eye color and high XDH activity as defined by. the fluoro- 
metric assay for XDH (Girton et al., 1979). None of the 
Survivors with ry” eye color had low XDH activity, thereby 
effectively ruling out the possibility of a suppressor having 
been induced (see introduction). However, a group of purine 
resistant mutants were isolated that were, nonetheless, devoid 
of XDH activity. These mutants had a dull-red eye-color or an 
Orange eye-color depending on whether they were isolated from 


QO eonanen ry background Gee Seven 


a ry background (ry 
purine resistantmutants were isolated. Five of these, P.R. 51, 
Pepe ou. Pee els 0. ee eRe lol, -and Pak. slo were  Esolated- rom 
ra and the other two, P.R. 8-1 and P.R. 8-11 were isolated 
from b en; e ry? These mutants were tested for XDH activity 
several times, and are XDH as larvae as well as adults. Thus 
these mutants are interesting in that they are XDH_ like ry 
flies but purine resistant like ry” flies. The fact that purine 


resistance is independent of XDH activity, in that both ry and 


ry” strains can be purine resistant, suggests that the genetic 
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Situation at loci other than the ry locus is implicated in the 
Purine sensitivity of ry Strains. It was hoped that the genetic 
and biochemical characterization of these purine resistant 
mutants would reveal the nature of these loci. 
Levels of Purine Resistance 

The purine resistant mutants were selected at a concentration 
that kills developing cultures of yy strains (ie. 0.2% purine). 
Thus, although they are all more resistant than ry cultures at 
that purine concentration, it is of interest to measure the 
survival of these mutants on higher concentrations of purine. 
lt is possible that some of the mutants may be as resistant or 
even more resistant than wild type. The wild-type strain, ork 
and a purine sensitive strain, eo were included as controls. 
Also, one of the purine resistant strains characterized by 
Johnson and Friedman (1981, 1983), #172 was included as an 
additional control. Figures 4a, 4b and 4c show the percent 
survival of the strains tested on the different concentrations of 
Durine, at aire C. It can be seen with 1% and 1.5% purine, strains 
PUR. Sb, P.R. 094. PLR. 130, P.R> 131, P-R 8-11 sand #172 are: even 
more resistant than the wild-type, although at some lower 
concentrations, all except #172 are significantly less resistant 
than wild-type. At 0.2% purine the survival of P.R. 133 is 
comparable to that of the other mutants, but at higher concent- 
rations, there are no survivors. The survival of P.R. 8-1 on the 


different concentrations of purine is low. Since the stocks were 
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Figures 4a, 4b and 4c. Levels of Purine Resistance in the Purine 
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Resistant Mutants, OR and ry : 


A hundred first instar larvae of each 
Strain were transferred to vials, to which 
different concentrations of aqueous purine 
were added. The number of survivors at the 
different concentrations was scored. The 
percentage survival is plotted against the 
purine concentrations. Each point on the 
graph represents an average of at least two 


determinations. The same values of or® and 


aN4 


ry are plotted in Figures 4a, 4b and 4c. 


SURVIVAL 


As 


Fig 4a 


O 
7, AQUEOUS PURINE 


3.2 


oe 
¢ 
a7 Rt Ye nga’ 
See ~ iad 
bi hein A 


a 


; , 7 dink y fey ‘ ed HK hy 5 
eee se 


Pn al 1 ai Cerna! Me % 
8 : Reich er ee See ee cen ms 4 a ne pa yg 


} } e a. o> { uf 


an 


yATRUS aOR” MS 
' , e = : 


SURVIVAL 


/ 


100 


90 


80 


70 


60 


50 


40 


30 


20 


vi 


Fig 4b 


AQUEOUS PURINE 


oe 


SURVIVAL 


y, 


Fig 4c 
10Q. 
90, 4———~A 
Vie 
IBN 
807 
4B 
ane ‘a 
704 
\ 
60 a PR130 
& 
50 ie 
40 ~ 
Oo 
30 
O 
PG, 
A 
10 
a powagtaaae tl SL) 1 
Org Shoe.2 a ro 8 1 1.5 


O 
7, AQUEOUS PURINE 


epee “alee 
_ A ie 


i! iid ces oa 
rd 3 S « 


 . 
a 


= 
v. 


2 


4 


bi 


routinely maintained at room temperature and the present experi- 
ment was done at a5 C, it seemed pertinent to test if the low 
survival of 8-1] was due to temperature effects. Thus the larvae 
were allowed to develop on purine at a lower temperature, namely 
20° c. As it can be seen from Figure 4c, there was no 
significant change in the survival profile of P.R. 8-1. 

The number of survivors ‘in vials to which sterile water was 
added and vials to which no supplement was added (controls), was 
not significantly different, thereby showing that mortality was 
not caused by drowning. 

Genetic Characterization 

In order to determine if the mutations conferring purine 
resistance are dominant or recessive, the purine resistant 
mutants were crossed reciprocally to the purine sensitive strains 
from which they were derived. The number of F Survivors on 
medium with and without purine was noted. Since no significant 
difference was found between the results of reciprocal crosses, 
the pooled data are presented in Table 2a. These results are 
from crosses done with axenic cultures. The crosses were also 
performed with non-axenic cultures, and the results were not 
found to be significantly different from those performed with 
axenic cultures. Thus, all the other experiments were done with 
non-axenic cultures. 

The results presented in Table 2a compare the numbers of 


survivors in the experimental vials with the control vials. 
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Tapqescu va) Test for Dominance of Purine Resistance 


Crosse, Number of Number of Conclusions 
survivors in the SUrVIVOrS., In the 
experimental vials control vials 


(+ Purine) (- Purine) 
PP Re Sil, x fain LO 394 Recessive ? 
PRs fou a ee Bz sis) Recessive ? 
PR mel SOx eyes 69 273 Semi-Dominant ? 
POR. SSX wyeoe 52 583 Recessive ? 
He): es Wyo ne yore 0 562 Recessive 
PLR. 8-1 x ry” 38 458 Recessive ? 
PPR Ol ix wy? 2 189 Recessive ? 
Controls yo"? 0 294 Purine 


Sensitive 


The purine resistant mutants were crossed to the purine 
sensitive ry strains from which they were derived. The 
flies. were brooded..twicesto one brood, 0.2 ml of 0.22 
purine was added, (experimental vials), and no purine was 
added to the other brood (control vials). The numbers of 
Survivors in the experimental and control vials are 
compared. 

The number of survivors of my on medium with and without 


purine is also shown. 
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With one exception (P.R. 130), the numbers of survivors on purine 
containing medium are approximately equal to, or less than, 10% 
Oimthebsurvivorsmi nithecontrol’ Vials. The strain P.R. 133: ts 
the only one that behaves as a complete recessive with respect to 
purine resistance. The strain P.R. 130 seems to behave as a 
semi-dominant with respect to purine resistance. In the other 
Strains however, it is not absolutely clear whether purine 
resistance behaves as a recessive or a semi-dominant. There is 
a good correlation between the levels of 'leakiness' in the 
dominance tests and the survival on 1% purine (Figures 4a, 4b 
and 4c), implying that the effect is due to semi-dominance. But 
the results from the crosses involving the P.R. strains and 
the XX Strain, implies that purine resistance behaves as a 
recessive. Thus it is not possible to make definite conclusions 
regarding the nature of these mutations. Alternatively, it can 
be hypothesized that the presence of modifiers, accumulated 
Since the isolation of these P.R. strains, could have produced 
the observed effects. This can be tested by out-crossing the 
purine resistant strains, and noting if the 'semi-dominant 
erfecteullsithus dost. or nots 

The purine sensitive pit Strain was also allowed to 
develop on medium with and without purine. As can be seen from 
the results on Table 2a, there are no survivors in the experi- 
mental vials, thereby confirming that the strain is, indeed, purine 


sensitive. 
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In order to compare purine resistance ina ry and ry” 
background, the purine resistant strains were also crossed 
reciprocally to the wild type strain ore and the numbers of 
F Survivors in the experimental and control vials were scored. 
The results are presented in Table 2b. The number of survivors 
in the experimental vials are not lower than those in the control 
vials. (In fact, the number of survivors in the control vials 
is sometimes lower, and this is probably because the control 
vials were a later brood, while the experimental vials were an 
earlier brood). From the results on Table 2b, it can be deduced 
that purine does not adversely affect survival of larvae in a 
ry” /ry background. 

Linkage Analyses 

The Figures 1, 2 and 3, represent crosses that were designed 
to determine on which chromosome the gene(s) responsible for 
purine resistance dng map. The genotype and number of F. 
survivors in the experimental and control vials are presented in 
Tables 3, 4 and 5. The following deductions can be made from 
Be sresuirs. hot Eekhe.> toond, Pan. 150. the Par phenotype maps 
to chromosome 3. / This is indicated bya lack of Sb flies in the 
experimental vials of cross #3 (Figure 3). It 1s further 
strengthened by substantial numbers of Cy and cy” survivors on 
the purine in cross #2 (Figure 2), and by the lack of flies in 
eross #1 (Figure 1). 

The poe phenotype of P.R. 133 maps to chromosome 2. In 
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Table-2Z (b) 


“Cross * Number of survivors Number of survivors in 
in the experimental the control vials 
Vila ks (- Purine) 


(+ Purine) 


P.R. 51x OR® 255 257 
P.R. 94 x or’ 341 200 
eanesOne OR” 330 169 
Paw igiax oR’ 304 184 
Pape cisgex OR’ 302 125 
PapenGetex. OR: 224 156 
PERC o TE OR. 224 151 


ale 
7 


‘ The purine resistant mutants were crossed to the 
A R ; 

wild type strain, OR . The numbers of survivors 

on medium with purine (0.2 ml of 0.2% purine) and 


without purine are shown. 
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Purine Resistance. 


Experimental vials: 


Table 3 
Strain +P 
Male 

ape ee oh 0 
Peper 4 0 
ee aek 130 0 
Pek 131 0 
as 1.5 0 
Bere waco] 0 
pak 8-1] 0 


Female 


0 


0 


0 
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X-Chromosome Linkage Tests for 


Control 


=P. 


Male 


18 


103 


Vikas 


Female 


P) 


5 
k 


>/ 


20 


Males from the purine resistant strains were crossed 


“A 
to virgin females of the XXsensry stock. The F 


's were 


allowed to develop on medium with purine (0.2 ml of .2% 


purine) and without (-P) purine. 


and females were scored 


in? the vials. 


The numbers af males 
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Table 4 Second Chromosome Linkage Tests for 
Purine Resistance 


Experimental vials: +P | Control vials: -P 
Strain cy cy” Cy Cy" 
PR. 51 55 161 69 127 
P.R. 94 29 779 89 299 
P.R. 130 by es 43 82 
pepe 93 731 93 183 
P.R. 133 521 32 14k 
Pune 6= 1 7 29 105 203 
Due) CS 118 322 | 185 


* The purine resistant mutants were crossed to the SM5 Cy/Sp;ry 


stock asvshown in Fig. 2 . The F's were allowed to 


Y 


develop on medium with purine (0.2 ml of 0.2% purine) 
and without (-P) purine. The Cy and the cy” phenotypes 


were scored in the experimental and control vials. 
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Tabee ao 
Strain 

Pe Reteoa 
P.R. 94 

Pz Rey 1630 
PafRiee S14 
PER tS3 
P.R. 8-1 
PLR. 8-1] 


*The purine resistant mutants were crossed to the 


Third Chromosome Linkage Tests for 


Purine Resistance 


Experimental vials: +P 


Sb 


sys) 


StOCK a5) SHOWN ING. 


Sb* 


3 


Control 


Sb 


22 
148 


42 


vials: <-P 


sb” 


109 
142 
106 


133 


MKRS 


The Fis were allowed 


to develop on medium with purine (0.2 ml of 0.2%) 


and without purine (-P). 


The Sb and Sb” phenotypes 


were scored in the experimental and control vials. 
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Gross #35 and lack or survivors in) cross #15. ther single Cy F1y 
in cross #2 is assumed to be an eSscaper. 

The results for the other four strains are not entirely- 
clear, but some speculations can be made. For-PoRe-94, the 
presence of both Cy and Sb survivors in the experimental vials 
(Tables 4 and 5), indicates that the purine resistance phenotype 
does not completely segregate from the SM5 or MKRS chromosomes. 
lt can therefore be speculated that P.R. 94 is a double mutant, 
carrying mutations on both chromosomes two and three, that 
render the strain resistant to purine. Similar speculations 
Cambe made for rR. fsiieand P.R. 8-) las welll... Iti isgalso 
possible thet althoughnP. Rk. O4,. PR. 3). and.P.R. 26> He may 
be double mutants, they only require one, or the other, mutation 
to express the ane phenotype. Lack of flies in the experimental 
Vials of cross #1 (lable 3). rules out X-chromosome Tinkage. 
Knowing that purine resistance maps to chromosome three in 
Pepe Stuandecon = oUranan fro chromosome tWO-nerane doo. dite Ss 
likely that complementation analyses involving crossing these 
mutants with each other, may shed some light on whether P.R. 94, 
PR’ 131, and P.R. 8-11 are double mutants. 

Due to the low survival of P.R. 8-1 on purine (see Figure 
4c), no conclusions can be drawn from the linkage analysis on 
this mutant. The few survivors in the experimental vials 
might not represent the actual segregation pattern. 
Complementation Analysis: For the Purine Resistance Phenotype 


To determine the number of loci involved in purine resistance 
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for the seven mutants isolated, a classical complementation 
analysis was performed. The purine resistant mutants were 
crossed with each other reciprocally. Two broods were made: 
purine was added to one brood (experimental vial) and not 

added to the other brood (control vial). The numbers of survivors 
in the vials were compared. The purine resistant mutant, #82 
that was given to us by Victoria Finnerty, was also included in 
the complementation matrix. This mutant was characterized by 
Johnson and Friedman (1983), and purine resistance was found to 
map to the Aprt locus on chromosome 3. Therefore, inclusion of 
this mutant served to determine if our mutants were allelic to 
#82. Complementation (restoration of 'wild-type' phenotype) 

is indicated by a lack of F survivors in the experimental vials. 
On the other hand, approximately equal numbers of survivors in 
the experimental and control vials, indicates non-complementation 
('mutant! phenotype). In other words, if two allelic mutants are 
crossed, the F,s Survive On purine containing medium, as they 
are homozygous for the ae gene. 

The results are presented in Table 6. It can be seen that 
complementation certainly occurs in the combinations P.R. 133 x 
Dan MeandeeaR a Micooxee.: Ro oO. -andeperhapse In es Resaliassuce rh Res Ont 
and P.R. 133 x #82. This indicates that the gene conferring purine 
resistance in P.R. 133 is different from those responsible for 
purine resistance in the mutants that it complements. The 
results of the- combinations P.R. 133 x°P.R. 94 and P:R... 133 x 


P.R. 131 do not clearly indicate complementation or non-complement- 
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Tables 6. 


Complementation Analyses: For the Purine Resistant 


Phenotype 


The purine resistant mutants were crossed to each other 
reciprocally, and the flies were brooded twice. To one 

brood, 0.2 ml of 0.2% purine was added (+P), and no 

purine (-P) was added to the other brood. The numbers of 

F survivors in the experimental and control vials were 
scored. If the number of flies in the experimental vials 

was approximately equal to that found in the control vials, 

it indicated non-complementation, and is represented by 'X' 

in the Table. Lack of (or very few) flies in the experimental 
vials, with substantial numbers in the control vials indicated 


complementation, and the corresponding numbers are indicated. 


(Mutant #82 served as a control, as described in the text). 
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ation. The unusual nature of P.R. 131 and P.R. 94, discussed 
above and elsewhere, may help to account for the results of 
the respective hybrids with P.R. 133. For example, the 
combination P.R. 133 x P.R. 94 may show partial non-complementation 
in the present experiment since P.R. 94 may share the P.R. 133 
lesion. 

In the crosses involving P.R. 8-1, the number of survivors 
in the experimental vials is considerably lower than those in 
the control vials, except in combination with P.R. 133, where 
no survivors are found in the experimental vials. It is possible 
that the apparently depressed number of survivors is because of 
the low survival of P.R. 8-1 on purine-containing medium. Thus, 
the results of the crosses involving P.R. 8-1 (except when crossed 
to P.R. 133) may be interpreted as indicating NORONB ARMs ESET on 
The reciprocals of the combination P-R. 8-1 x PIR. 133 both 
produce zero survivors in the experimental vials, and over 100 
survivors in the control vials. This is indicative of complement- 
atron® sihus, ithe pr phenotype in P.R. 8-1 probably maps to a 
different locus "than P:R. ~133- 

The combinatrons eR. 130 x POR. 6-11, PIR. 6-l" x #62 “and 
DPR 132" PoR. 8=Pl behave differently in «reciprocal crosses. 
These results need to be rechecked before definite conclusions 
can be drawn. Mutant #172 was not included in the complement- 
ation matrix as this mutant is not in a ry background. 

From the data, it can be deduced that multiple loci may be 


responsible for conferring purine resistance. If one includes 
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the fact that a ry” genotype also confers substantial purine 
resistance, then taken together with the above mentioned 
results, it can be concluded that at least four loci are 
involved in purine resistance in Drosophtla. 
Biochemical Characterization 

Johnson and Friedman (1981) proposed that purine 
resistant Drosophila are deficient for APRT activity. Their 
hypothesis for the mechanism of resistance, is that in APRT 
strains, the administered purine cannot be converted to a 
toxic nucleotide, thus rendering the strains purine resistant. 
In view of this finding, the seven purine resistant mutants 
isolated in our laboratory were assayed for APRT activity. 


Me) AMP from ‘dare 


The assay is based=on. the synthesis or { 
Adenine and PRPP by the APRT present in a fly homogenate. The 
compounds were separated by thin layer chromatography, and 
identified by running standards on the TLC plates. Representative 
results of the assays are shown as photographs of these auto- 
radiograms in Figures 5a, 5b, 5c and 5d. 

Figure 5a shows the synthesis of AMP in or’, (Radioactive 
AMP was run as a standard in the outer lanes.) As can be seen, 
the increasing intensity of the AMP spots is accompanied by the 
simultaneous decrease of the adenine spots showing that the 
synthesis of AMP from adenine and PRPP by the fly homogenate is 


apparently linear with time. The intermediate spots correspond 


to adenosine which is a breakdown product of AMP by AMP nucleo- 
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Figures 5a, 


Db, 


5ce and 5d. 


‘Assays for APRT Activity in or’ the Purine 


Resistant Mutants, and aes 


The different strains were assayed for APRT 
activity as described in Materials and Methods. 
Separate 2 yw] samples of the assay mixtures 
were removed at the time points indicated, and 
applied to thin layer chromatography (TLC) 
plates. Radioactive AMP (21) was spotted on 
the outer lanes and served as a standard. 
Following development of the plates in 0.1 M 
LiCl, they were dried, and sprayed with Enhance. 
The plates were exposed to X-ray film for 2-3 


days, after which the films were developed. 
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tidase (Johnson and Friedman, 1981). The radioactivity 
associated with the adenosine spots represents less than 10% 
of that in AMP, and was thus not included in the subsequent 
quantitation of APRT activity. 

Figure 5b shows that no AMP was synthesized by any homo- 
genates of P.R. 51, and this mutant strain is thus completely 
APRT . Two other mutant strains, P.R. 94 and P.R. 130, were 
also found to be APRT nulls. Figure 5c shows that P.R. 131 has 
some APRT activity. The ry strains from which the purine 
resistant strains were derived were also assayed. The synthesis 
of AMP by the homogenate from Pye is also indicated in Figure 
Bcee ihe other puminesnesistant strains, P. Re O-1, PR. o- 1) and 
P.R. 133, were found to have considerable APRT activity. Figure 
Sd shows the synthesis of AMP in P.R. 133. The levels of APRT 
activity in each of these mutant strains in relation to wi }ld- 
type is discussed below. 

The radioactivity associated with the AMP spots in the 
mutants and controls was quantitated as described in Materials 
and Methods. APRT activity is expressed as cpm/ug protein. 
Figure 6 shows the kinetics of APRT activity in the wild type 
control: Opes As can be seen, the synthesis of AMP is linear 
up to 30' under the conditions employed. Figure 7 shows a 
typical set of results depicting the kinetics of APRT activity 
in the purine resistant strains, or’, and ce The mutant 


strainsee.k. of FP okeos, and P.Re30-were: foundto be APRT 
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Figure 6. 


Kinetics of APRT Activity in or’ 


The wild type strain or’ was assayed for APRT 
activity as described in Materials and Methods. 
The enzyme activity, expressed as cpm/ug protein 


is plotted against time. 
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Kinetics of APRT Activity in the Purine Resistant 


R 604 
Mutants, OR and ry. These data are from a 


representative kinetic determination. 


The different strains were assayed for APRT activity 
as described in Materials and Methods. The enzyme 
activity (expressed as cpm/ug protein), at different 


time points, is plotted. 
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nulls (see Table 7)#andsare thus not: represented in the graph. 
AS can. be seen fcromebigure.7, P.R. 131 and POR. <6=11.-have 
activities lower tham that of or’ While eu wees O= | Rand ar Ree iss 
have activities higher than wild-type, at least in this set of 
representative data. P.R. 133 consistantly has APRT activity 


0 from which it was derived (see 


substantially higher than ye 
Tante uw) jx 

Table 7 presents the APRT activity in the different strains 
expressed as a percentage of the wild type or’. The counts at 
the 30 minute time point were used to make these comparisons, 
as that time point is within the linear part of the reaction 
(see Figure 6). These data differ from those depicted in Figure 
7 in that they represent an average of all the determinations 
instead of just a representative set as in Figure 7. 

The: APRT activity of the ry Strains, aye and sue is 
not significantly different from that of wild-type, as seen from 
Figure: jeand Table yj... cLhnis eliminates the possibility of *P: R. 
133 having higher than wild-type activity due to already 


0¢ Strain. The implications of 
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elevated levels in the parent vy” 
P.R. 133 having an APRT activity higher than OR® and ry 
are not clear at this point. 

Since purine arrests the development of larvae of ry strains, 
it was of interest to determine the levels of APRT activity in 
the larvae and compare it with that in adults. Assays were done 


on larval homogenates=from P.R. SE PoRe 133 .and on’, Pau ol 
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Table 7 APRT Activities in Purine Resistant, ry, and 
Wild-Type Strains 


Strain % Wild Type Activity 
or® 100 
Pasties On 0 
P.R. 94 0 
Poe 130 0 
ape pen hea IS 
Pas Reetlss 216 
Beem 104 
CR ee onl! Ak 
#82 0 
#172 0 
en oe 103 
en ry 96 
Amh 86 


The different strains were assayed for APRT activity 
as described in Materials and Methods. The activities 
at the 30 minute time point, expressed as a percentage 
of the activity in Rt are presented. The values 
indicated are an average of between 2-6 independent 


determinations. 
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and P.R. 133 were chosen, as they represent strains with no APRT 
activity ee Substantial APRT activity, respectively. It was 
found that the larvae of P.R. 51 lacks APRT activity, as in the 
case of adults. “Whevtarvae-of -P.R. 133 "have APRT activity, like 
the adu! tsilsee. labeuc) aemne tact thatmrhe larvaesofab. Re 133 
have APRT activity, eliminates the possibility of the strain being 
purine resistant because of a lack of APRT activity in the larval 
stage. 
Complementation Analyses: For APRT Activity 

The purine resistant strains were crossed to each other 


reciprocally, and the APRT activity of the F,'s assayed. Mutants 


| 
#82 and #172 were also included in the complementation matrix as 
controls. These two mutants were found to be deficient for APRT 
activity (Johnson and Friedman, 1981, 1983), and purine resistance 
was found to map to the Aprt locus. 

The purine resistant mutants were also crossed to ore flies, 
and the F i's assayed for APRI activity (results. included in 
Table 9b). The values obtained from this cross serve as a 
dosage control, as it is expected that in the absence of negative 
complementation, the contribution of the wild type in the Fi's 
would be approximately equivalent to one dose of the wild type 
activity. 

Table 9a shows the results of the complementation analysis 


involving the APRT nulls. As can be seen, P.R, 51, P.R. 94 and 


P.R. 130 do not complement one another, nor #82 and #172. As 
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Table 8 


APRT activity in larvae* expressed as % wild type activity 


Number of APRT activity as 
Strain determinations % wild type 
or® 3 100% 
he hee 3 0% 
Popa 50 5 T2354 


*2nd - 3rd instar larvae were homogenized in 
extraction buffer (150 mg/ml). The assay and 
quantitation of APRT activity is described in 
Materials and Methods. The average of three 
independent determinations, expressed as a 


percentage of wild type activity, is shown. 
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Tables 9a, 9b and 9c. 


Complementation Analyses: For APRT 

ARCtIV ity 

The purine resistant mutants were crossed to 

each other reciprocally, and the Ea were 

assayed for APRT activity as described in Materials 
and Methods. Mutants #82 and #172 served as APRT. 
controls. The data for reciprocal crosses have 
been pooled. The APRT activity in the F,'s is 
expressed as a percentage of wild type activity. 
The values in the Tables represent an average of 
between two and seven determinations. The values 


for the individual determinations are presented in 


the Appendix. 


Table 9a Complementation Results of -aprTt Nulls 
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mentioned earlier #82 and #172 are mutant in the structural locus 
fore APRT. ©Since PLR. 571,-2.R. 94 and PR. 130°do not complement 
fhesestwo mutants, tous. logical to.conchude:that PUR. 51, PeRe 94 
and P.R. 130 are allelic to #82 and #172 and therefore mutant at 
the Aprt locus. 

Table 9b shows the complementation results of the APRT null 
mutants crossed to the mutant strains having APRT activity, as wel] 


asuine.levelS ob APR accivitys inor, hybridsrot or® and the 


l 
Purine resistant mutants. Given that the wild type allele 
contributes one dose equivalent to the activity in the Fits, in 
crosses with the APRT nulls, it is expected that the percent 


activity in these F,'s will be approximately 50% compared to 


| 
the homozygous wild type. As can be seen from Table 9b, with 

the exception of #82, the values obtained when or® is crossed 

to the nulls are fairly close to the expected value of 50%. The 
value of 68% obtained in the case of #82 is higher than expected 
and it is possible to speculate that in the heterodimer formed 

by the mutant polypeptide and the wild-type polypeptide, enzyme 
activity is partially restored (ie: the mutant polypeptide in this 
case contributes to the total activity). In the crosses 

involving OR® and the strains having APRT activity, if the 

enzyme levels in the F are determined by the additive effect 

of the contributing alleles, then the levels of enzyme activity 

in these F's can be predicted. For example, in the combination 
oR’ x P.R. 131, the F, might be expected to have 50% plus 7-102 


ie. approximately 60%. However, a level of 84% suggests that 
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Table 9b APRT Activity Levels in the Indicated Hybrids 
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suggests that P.R. 13] is a leaky mutant at the Aprt locus, and 
that the heterodimer is active. The F's fEonue. R13. 
combination with the APRT nulls would be expected to have 
approximately 7-10%. The values obtained with P.R. 51, P.R. 94 
and #172 are in keeping with this expectation, while those 
obtained for P.R. 130 and #82 are higher. If the enzyme levels 
in the Fits are strictly additive, the Fits from combination 
P.R. 133 crossed with ORR might be expected to have an enzyme 
activity approximately equal to 150%. However, the obtained 
value of 109% suggests that the Pur. Mutation. in PeRe 133.4s 
recessive in its effect on APRT activity. Knowing that purine 
resistance in P.R. 133 maps to a locus other than the Aprt 
locus, it is possible to speculate that the Por mutation of 
PAR. 133° has a -secondary effect on APRT activity. Uf this 

were true, one would expect that P.R. 133 in combination with 


the nulls, would produce a maximum of 50% activity in the F,'s. 


However, the results are confusing as only the values from 


PoRe. W33ex Pek. Sly and bk. 135° x PER 9S seem torbe fairly close 


to the expected values. 

Since P.R. 8-1 has approximately wild-type levels of APRT 
activity as a homozygote, its behaviour in combination with the 
nulls is expected to be similar to that of or’, With the 
exception of P.R. 8-1 x #82, the results are not in keeping with 


the expectation. The F's from the combination P.R. 8-1 and 


ore have an enzyme activity of 90%. This suggests that the race 
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mutation of P.R. 8-1] also has a recessive effect on APRT activity. 
If this were true, then the Fits from P.R. 8-1 in combination 
with the APRT nulls, would be expected to have enzyme activity 
approximately equal to 50%. However, as can be seen in Table 

Gb, only the gesults ot ethe cross P<Re 8-1 x #82 support this 
expectation. Thus, although the crosses of or’ with P.R. 8-1 and 
P.R. 133 seem to indicate that the Pur mutations in these two 
strains are recessive in their effect on APRT activity, only 

some of the results support this idea. The oe mutations of 
P2R. 6O-h and BeRe 133-are not allelic, as indicated from the 
results in Table 6. 

The value of 76% obtained for the Fits irom Pe Re, ofl. x or® 
is exactly asliexpected,> but the results of Pi.R. 8-11. in combination 
with P.R. 51; 8P.R.. 130 and #82 are higher than the expected value 
of approximately 25%. 

Table 9c shows the levels of enzyme activity in the Fis from 
crosses involving the purine resistant mutants having APRT 
activity. Assuming as before, that each parent contributes one 
dose equivalent and that the levels are additive, it can be seen 
from the results that some of the values fit the expectations. 

For example, as homozygotes, P.R. 131 and P.R. 8-11 have 15% and 
4L% of wild-type activity respectively (Table 7) and the F from 
P.R. 131 and P.R. 8-11 has 30%, exactly as expected. However, 


the other results do not support the expectation. Further, if 
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Table 9C 


APRT activity levels in F,'s from APRT" 
purine resistant strains. 
131 15 
133 76 216 
. 8-1] 86 129 104 
heat iureae 83 37 I 
Pe Reweloi PRRat | 33 MRS tO-d. RER ee Sat 1 
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recessive effect on Aprt’ , then the value of 129% obtained for 

P.R. 8-1 x P.R. 133 is much higher than the expected value of 

100%. Thus, some aspects of the results are confusing. As can 

be seen from the raw data of the results presented in the Appendix, 
the values for independent determinations vary considerably. Most 


ci] 


often, the values obtained from using the first batch of 
Adenine (ie. the value of 352 for the control and the corresponding 
values for the experimentals) are the ones that skew the results. 
It is possible that radiolysis of the radioactive adenine had 
occured, since this batch was at least ten years old. 

However, the data allows one to draw the following conclusions: 
a comparison between Table 6 and Table 9a clearly shows, that at 
the level of purine resistance as well as APRT complementation, 
P.R. 51, P.R. 94 and P.R. 130 do not complement each other nor 
#O2 and 21/2." Thusmeatnis: confirms that sP eR S75 "PER. 94 “and 
PUR. 0eare inubent at ene pre *|ocus, “hor PR. Sil and. POR. 130), 
this is further strengthened by the linkage analysis which 
indicates third chromosome linkage. Linkage analyses suggest 
that P.R. 94 is perhaps a double mutant, having a mutation on 
both chromosomes #wo and three. Since P.R. 94 is APRT_ and 
allelic’ to #82 and #172, it certainly carries a mutation on 
chromosome 3 (ie. at the Aprt locus). Further, since complemert- 
ation analysis for purine resistance indicates that it may be 


allelic tore are W3ne(Tapilte 6) "it strengthens the notion ‘of 
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BR. 94 being aedouble mutant. + Theumuteant se. R...133 is interesting 
and clearly different from the other mutants in several aspects. 
Summary 

From the results of the genetic and biochemical characteri- 
Zation, the following conclusions can be made. The linkage 
analyses show. .thatsinyP.R.~. 51 and.P.R. 130, -the ape gene maps 
to chromosome 3. They are APRT nulls, and in the complementation 
tests for APRT activity, they do not complement one another nor 
#82 and #172. In the complementation tests for purine resistance, 
they were both found to be allelic to #82: “Since.it_is known 
that purine resistance in #82 and #172 maps to chromosome 3, and 
specifically to the Aprt tocas, ft~can-be concluded that in-both 
PZR. 5) and PR. .130, purine resistance is due.to.a lack.of APRT, 
and thus in keeping with Johnson and Friedman's finding. The 
mutant P.R. 94 appears to be a fairly complex mutant. From the 
APRT assay, it was found to be a null mutant. From the complement- 
ation tests for purine resistance and APRT activity, it was found 
fO be, al lebicutOse Re polcar.R. b30send. 762. Yet, «the linkage 
analyses data shows that the Pic. gene does not clearly map to 
chromosome 3. Further, in the complementation tests for purine 
resistance, when crossed to P.R. 133, survivors were found in the 
experimental vials, although significantly less than in the control 
vials (see Table 6). This suggests that P.R. 94 could also be 
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P.R..51,..P.R..130 and: #82, it*isppossibje to speculate that 

P.R. 94 is a double mutant. In other words, the purine resistant 
phenotype in P.R. 94 may be due to mutations at the Aprt locus, 
and at another locus, perhaps at the same locus as P.R. 133. 

No definite conclusions can be drawn regarding P.R. 131, 
P:R. 8-1 and P.R. 8-11. The linkage data do not clearly indicate 
which chromosome the aye phenotype maps to. The complementation 
patterns also appear to be quite random. However, it is possible 
phate es Re 3 eS ahlelrc sto she. nulls, but. tsar leaky “mutation. 
This would also help to explain its erratic behaviour in the 
complementation analyses. 

P.R. 133 is a rather interesting mutant. Linkage analyses 
clearly show that the Been phenotype maps to chromosome 2. In 
the complementation tests for purine resistance, complementation 
is Indicated with all the other purine resistant mutants except 
P.R. 94 and perhaps P.R. 131. The fact that it complements 
Pep leer ReclsOmandero2 show thatwitearsenot allelic to. these 
mutants. This strengthens the notion that purine resistance in 
P.R. 133 is due to a reason other than being APRT . Further 
support of this’ idea comes from the fact that P.R: 133 has APRT 
activity substantially higher than wild type. 

As an extension of the idea that purine resistance in 
Drosophila is due to a lack of APRT activity, Johnson and 


Friedman (1981) proposed that the degree of purine resistance is 
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inversely related to levels of APRT activity. Although this 
seems to be true for P.R. 8-1 and P.R. 133 when compared to the 
APRT nulls, (compare Table 7 with Figures 4a, 4b, and 4c) the 
correlation does not seem to exist in the case of P.R. 131 which 
is more resistant to purine at higher concentrations than the 
APRT null P.R. 51. Thus no general conclusions can be made 
regarding the correlations between levels of purine resistance 


and APRT activity. 


From the results, it can be seen that purine resistance in 
Drosophtla is fairly complex. The results from P.R. 133 clearly 
suggest that a locus other than Aprt is involved in purine 


resistance. 
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CONCLUSIONS 


The finding that P.R. 133 is different from the other purine 
resistant mutants in Drosophila that are described in the literature 
leaves room for speculation regarding other possible bases of this 
phenotype in Drosophila. One possibility could be that P.R. 133 
is a transport mutant, making purine inaccessible to its target 
organs, and thus rendering the mutants purine resistant. Two 
possible experiments could help to shed light on this hypothesis. 
Radiolabelled purine can be included in the culture medium of P.R. 
l330as wellwas: in thevcontrols., |\ihescontrols couldabe a wild 
type strain and #62 or 71/2, which we know are not. transport mutants) . 
A comparison of the amount of label found in the homogenates from the 
experimental and control strains.will help to discern_if .P.R. 133° ts, 
indeed, a transport mutant. Alternatively, one could cross P.R. 133 
to a purine auxotroph, and use a screen that will enable the selection 
of the double mutant that is both purine resistant and an auxotroph. 
The auxotroph requires exogenous purine to survive and is thus not 
impaired in its capacity of purine uptake and transport. If P.R. 133 
is a transport mutant, then when crossed to an auxotroph, the double 
mutant (ie. purine resistant and auxotrophic) would be unable to 
survive the screen. 

Another hypothesis is that P.R. 133 is mutant in a gene, which 
when mutated, is involved in detoxification of the administered 


purine. As mentioned in the Introduction, the mechanism of purine 
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resistance is often found to be associated with the loss of an enzyme 
activity that converts the purine or purine analogues to their ribo- 
fides. Since P.R. 133: has APRI activity (that directly converts the 
base to the nucleotide), it is possible to speculate that it lacks 

a nucleoside phosphokinase activity, that converts the nucleoside to 
the nucleotide. But this hypothesis presupposes that the administered 
purine is converted to the nucleoside. The nucleoside, however is 
primarily formed from the nucleotide by the action of a nucleoside 
phosphorylase (reviewed in El Kouni, 1977). If the ‘toxic! nucleotide 
is already formed from the purine, it seems unlikely that the formation 
of the nucleotide vwtaqa the nucleoside would be necessary to effect 
EOC LY. 

There have been reports indicating that the formation of the 
nucleotide from the administered purine bases or nucleosides is not 
always necessary to produce the toxic effects. Hershfield et al,, 
(1977) found that adenine and adenosine are toxic to human lympho- 
blasts that are deficient in APRT and adenosine kinase (AK). In 
other words, the inability of these mutants to form the nucleotide 
does not make them resistant to the base and nucleoside. Their 
results suggest that adenine and adenosine may be directly toxic to 
the cells. They suggest the existence of purine receptors that 
recognize adenine or adenosine (or both). In view of their finding, 
it is possible to hypothesize that perhaps P.R. 133 is unable to 
recognize the administered purine, due to defective purine receptors. 

At the present time, it is not known which hypothesis is most 


likely to: explain the behaviour of PWR a) 133. 
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In addition to using radiolabelled purine to determine if P.R. 
133 is a transport mutant, one could also do tracer studies with the 
purine to determine the other possible mechanisms of resistance. For 
example, by following the fate of the radiolabelled purine in normal, 
purine sensitive and purine resistant strains, it is possible to 
determine where in the pathway of purine utilization, each of the 
strains differs. 

Tracer studies might also shed some light on why purine kills 
developing cultures of ry strains. This problem is curious in that 
strains that are XDH (ie. ry or mal) are very sensitive to purine. 
Yet the fact that we obtained purine resistant mutants that are XDH_, 
and that some of the mutants characterized by Johnson and Friedman 
(1983). .are, in: a wild type, lie. XDH’) background, seems to indicate 
that other loci are also involved in purine resistance in Drosophtla. 
Other intriguing aspects are, that purine is not a substrate for XDH, 
and that the response to purine is delayed, in that, development of 
ry cultures is arrested only at the third instar stage. However the 
arrest could be due to a cumulative effect of toxicity throughout 
development. 

The characterization of the purine resistant mutants isolated in 
our aboratory shows that in at least two of the mutants (P.R. 51 and 
P.R. 130) purine resistance results from a deficiency of APRT, in agree- 
ment with the findings of Johnson and Friedman (1983). However, 


the behaviour of P.R. 133 clearly indicates that’ a locus other than 
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the Aprt locus is involved in purine resistance. Yet, these three 
mutantse (PsA 5 nee. Re i30rand) bP oR. 133) %were isolated. from the same 
background; Cy ee Whether there is a connection between the ry and 
AbP> NOct Otethelr, DLOcuctomissnOt -clleariatethis point. The products 
of the two loci,.XDH: and APRT, both utilize purines for substrates, 

and are involved in the purine sensitivity of Drosophtla. An analogous 
situation was found in cultured animal cells. Studies on drug 
resistance in mouse fibroblasts (Tomizawa and Aranow, 1960) revealed 
that cell lines resistant to 6-mercaptopurine (6-MP) are not only 
deficient in an enzyme system that converts 6-MP to its nucleotide, but 
also have a reduced capacity to convert hypoxanthine or inosine to 
inosinic acid. It was found that 6-MP exerted its toxic effect via 

the nucleotide, which somehow blocked DNA synthesis. Since it was 
found to be a potent inhibitor of cell growth, 6-MP has been used in 
the treatment of certain neoplastic disorders. It is hoped that the 
study of purine resistance in Drosophtla will shed some light on the 
mechanism of action of the administered purine in all experimental 


organisms. 
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Raw Data of APRT Activity in Larvae 


Strain 


P 


Pie 
Ps 


Pe 


Pp 


ae 


SINE 
Re 
Rie 


R. 
sae 
R. 


Dy 
5] 
5 | 


130 
tele. 
133 


oO, 


R 
Experimental Control OR vé or’ Average 
cpm/ug Protein cpm/ug Protein Activity 


833 9233 9 
171 6375 2 he 
105 3839 2 
7426 9233 80 
4460 6375 70 79232 
3396 3839 88 


* The counts at the 30 minute time point were 


used to make the comparisons 
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Raw Data of Complementation Analyses for APRT Activity 


Cross Experimental Control or® % or® Average 
cpm/ug Protein cpm/ug Protein Activity 


131 x 51] 2329 22016 10 
131 x 51 1677 20497 8 
131 x 51 2767 13570 20 
131 x 51 ) 23054 0) rhs 
51 x13] 790 W3579 6 
Ble | 0 352 0 
isiex 130 1412 5874 24 
iBiocers0.. 5863 23054 25 17% 
ms0r foi 647 4698 i 
Ve0e x ods) isk 352 5 
1315x133 155 352 4 
lex 33 4864 4698 103 76% 
133106 a3 18882 23054 82 
131 x 94 19 352 5 
131>x-94 499 4698 10 
94 x 131 8 23054 0 10% 
94 x 13] 6050 23054 26 
131 x 8-1 9289 22016 42 
131 x 8-1 9025 23054 LO 
131 x 8-1 783 352 220 86% 
8-1 x 131 Shs) 352 145 
8-1 x 13] 6963 23054 30 
8-1 x 13] 8731 22016 Te) 
ix S11 10197 23054 AS 
131 x 8-11 132 352 a 30% 
8-11 x 131 35 352 10 
8-11 x 13] 6963 23054 30 
ioieaece 2439 22016 1] 
oie 62 4582 13579 Oe 
Pee lz 352 4g 
82% 13, 1547 22016 7 ye 
B23 1521 3579 1] 
OP des] 1485 6356 23 
82) x2 he) 2794 23054 12 
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Raw Data of Complementation Analyses for APRT Activity 


Cross Experimental Control or® yA or® Average 
cpm/ug Protein cpm/ug Protein Activity 

| ie a 4 0 352 0 

[Sex TZ 1580 6356 24 8% 
Pie 0 352 0) 

bee. B50 9 352 0 

On Keo | ao 23054 0 0% 

Glow es 3 Ze 552 ‘a 

hae oe 5 10950 23054 48 62% 

S| x 94 0 352 0) 

94 x 5] 0 23054 0 0% 

51 x 8-1 268 552 76 

8=) x 51 16980 23054 74 75% 

51 x 8-11 pea 7392 he 

51 x 8-11 2584 Vo5t9 19 52% 
8=-FI x 51 225 So2 64 

BL x62 0 23054 0 

51 x 82 0 352 0 

82 x 5] 205 5874 3 0% 

82 x 51 927 23054 4 

Coxe ihe 0 352 0 

hie 3) 54 0 B52 0 0% 
130 x 33 12020 23054 52 

PS sax2 1130 Seek 6356 85 69% 
130 x 94 0 352 0 

94 x 130 0 352 0 0% 
130 x 8-1 5687 3579 42 

130 x 8-1 29 352 8 30% 
8-1 x 130 9148 23054 LO 

130 x 8-11 59 52 Hig) 

130 x 8-1] 4469 13579 33 43% 
8-11 x 130 276 352 78 


Raw Data of Complementation Analyses for APRT Activity 


Cross Experimental Control or® 4 ore Average 
cpm/ug Protein cpm/ug Protein Activity 
130 x 82 0 352 0 
OF 50 E30 385 20497 | 0% 
ESO. xe We 7Z 0 SZ 0 
Wi2s x 130 336 23054 1 0% 
133 x 94 10632 23054 46 
133 x 94 5255 22016 24 
133 x 94 5290 3Si79 39 53% 
94 x 133 16413 23054 Ti) 
94 x 133 402) 4698 85 
133 x 8-1 10459 7392 141] 
133 x 8-1 354 B52 100 129% 
133 x 8-1 12623 5874 214 
B= hx 433 13569 23054 59 
133 x 8-11 13180 Beas, Me 
13i3eoe Ce lil :O23;) 23054 Lh 
133 x 8-1) 109 352 3] 83% 
8-11 x 133 1499] 23054 65 
8-11 x 133 6922 13579 51 
Sal 26k 33 733 Ro 208 
ieee c2 8517 23054 37 
1:33) e782 RLU. 6356 114 
433) x 62 L2G 5874 190 91% 
2) x 133 9162 23054 40 
82 x 133 15793 22016 J2 
3 34x LZ 23459 23054 100 
33k he 18367 23054 80 70% 
Ea NES 7174 23054 3] 
94 x 8-1 6624 23054 29 
94 x 8-1 TT 20 5874 190 88% 
8-1 x 94 10630 23054 46 
94 x 8-1] 1720 4698 a7 
94 x 8-1] 28 ey 8 
8-11 x 94 3309 22016 ifs) 16% 
8-1] x 94 476 23054 Zz 
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Raw Data of Complementation Analyses for APRT Activity 


Cross Experimental Control or® % or® Average 
cpm/ug Protein cpm/ug Protein Activity 
94 x 82 0 352 0 
82 x 94 0 352 0 0% 
94 x 172 0 23054 0 
172 x 94 0 23054 ~0 0% 
8-1] x 8-11 2054 23054 9 
8-11 x 8-1 9081 13579 67 37% 
8-11 x 8-1 8190 23054 35 
8-1 x 82 48 352 14 
8-1 x 82 7010 6356 110 47% 
82 x 8-1 64 352 18 
8-1 x 172 314 Shey 89 
172 x 8-1 Zl. 352 89 89% 
8-1 x 82 P22 Sor 35 
82 x 8-1 3768 20497 18 
82 x 8-1 6167 7392 83 49% 
82 x 8-1 216 352 6] 
8-11 x 172 4552 23054 20 
72x 8s! 55 352 16 18% 
G2 x ee 2 1507 23054 7 
72 x 82 621 23054 3 0 
172" x82 562 23054 2 


* The counts at the 30 minute time point were used to make the 
comparisons. 
The value 352 for the ork control and the corresponding values for 
the experimentals, are from the first batch of (4 Adenine used. 
All of the remaining values are from the second batch of ae 


Adenine. 
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Raw Data of APRT Activity in the F of or® Xero Mutants 
Cross Experimental Control or® Z or® Average 
cpm/ug Protein cpm/ug Protein Activity 


131 x orn 6407 10106 63 
131 x OR, 4394 5253 83 
131 x ORp 4974 3839 129 Bhy 
feleeoR 4459 7392 60 
may ty Orn 5862 10106 58 
SOR 1620 3839 42 50% 
eto ORD 2754 10106 27 
130 « OR 2303 3839 59 43% 
eon ORN 6739 10106 66 
133 x OR, 14796 21245 70 
133" x OR, 10078 5253 191 109% 
133-x OR 7911 7392 7 
gh x ORD 5011 10106 50 
94 x OR 5640 21245 27 39% 
See ORD ees 10106 131 
8-1 x ORD 12612 21245 59 
8-1 x ORD 7393 7206 102 90% 
8-1 x OR, 2515 5253 47 
8-1 x OR- 8245 7392 GH 
Be aa ORD 8763 10106 86 
8-11 x ORD 5750 21245 27 76% 
Bel Vice OR 6023 Spice 114 
Boe oRn 9760 10106 96 
82 x OR, 5090 21245 2h 
82 x ORS 3171 7206 hy 68% 
82 x OR as 5253 107 
pra orn 4717 7206 a5 
172 00R 5543 10106 5h 60% 


*The counts at the 30 minute time point 


were used to make the comparisons. 


tz 
Orie 
: aw 
prs INVA He HV 
iv (aan his 
ce | 
* Fa t 
rib 
BA, () 
ani’ ' 
hea mee <85R 


| gay dee! | 
SC) a 3G ew 


) ase Baal 
a =e Page ANNO. 
; er iyo 
, j 7 . w 
aj ma HO og es 
ut are ps veve.. 7S 
Kr risen 
eit ror f 
, La Spee 7 
a ager” CPET.« ‘oh 
a) ‘ite ri ee 
Fy TA eve 
oe Hl ag & u 
‘ aah C™"5 
ei ess" fas i 
Ne : . “ve , ‘ ; 
ie ne 
\ “A 


ve 


nl ¢x Geaky ean od 


a, 


+) 
‘ 


ae ee 
. hae La i 
Are via 


Bike|. 
ay ei ue 


7 


7 ‘ ; i rat My > i 


uy) 
hae | 
My) 


i i 


al ae iN ‘ 
eee 
sm (9 


\ J wes 
ys (hens ae 


a 


f 


aa 
ia 


a 


¥ 


Ss 


ve 


Sh. 


ae 


AY 
Re 


